
USAARL Report No. 95-9 

A 

Evaluation of a Retrofit OH-58 
Pilot’s Seat to Prevent Back Injury 

BY 

Joseph L. Haley, Jr. 
COBRO Corporation 

and 

Ronald W. Palmer 

Aircrew Protection Division 

December 1994 

Approved for public release; distribution unlimited. 

United States Army Aeromedical Research Laboratory 
Fort Rucker, Alabama 36362-0577 



Qualified requesters may obtain copies from the Defense Technical Information Center @TIC), Cameron 
Station, Alexandria, Virginia 223 14. Orders will be expedited if placed through the librarian or other person 
designated to request documents from DTIC. 

Organizations receiving reports from the U.S. Army Acromcdical Research Laboratory on automatic mailing 
lists should confirm correct address when corresponding about laboratory reports. 

Destroy this document when it is no longer needed. Do not return it to the originator. 

Disclaimer 

The views, opinions, and/or fmdings contained in this report are those of the author(s) and should not be 
construed as an official Department of the Army position, policy, or decision, unless so designated by other 
official documentation. Citation of trade names in this report does not constitute an official Department of 
the Army endorsement or approval of the use of such commercial items. 

Human subjects participated in these studies after giving their free and informed voluntary consent. 
Investigators adhered to AR 70-25 and USAMRDC Reg 70-25 on Use of Volunteers in Research. 

Reviewed 

LTC, MC, MFS 
Director, Aircrew Protection 
Division 

Released for publication: 

9,TU 
DENNIS F. SHANAHAN 

Chkirman, Scientific Colonel, MC, MFS 
Review Committee commanding 



Unclassified 
mURltY CLASSIFICATION OF THIS PAGE 

REPORT DOCUMENTATION PAGE 
Form Approved 
OMB No. 0704-0188 

la. REPORT SECURITY CLASSIFICATION 

Unclassified 
21. SECURITY CLASSIFICATION AUTHORITY 

2b. DECLASSIFICATION I DOWNGRADING SCHEDULE 

4. PERFORMING ORGANIZATION REPORT NUMBER(S) 

USAARL Report No. 95-9 

8a. NAME OF PERFORMING ORGANIZATION 6b. OFFICE SYMBOL 

U.S. Army Aeromedical Research (If applicrblc) 

Laboratory SGRD-UAD-IE 
6c ADDRESS (City, State, and ZIPCode) 

P.O. Box 620577 
Fort Rucker, AL 36362-0577 

8a. NAME OF FUNDING /SPONSORING 
ORGANIZATION 

8c ADDRESS (Cify, State, and ZIP Code) 

8b. OFFICE SYMBOL 
(If applicable) 

1 b. RESTRICTIVE MARKINGS 

3 DISTRIBUTION /AVAILABILITY OF REPORT 

Approved for public release, distribution 
unlimited 

5. MONITORING ORGANIZATION REPORT NUMBER(S) 

7a. NAME OF MONITORING ORGANIZATION 

U.S. Army Medical Research and Materiel 
Command 

7b. ADDRESS (City, State, and ZIP Code) 

Fort Detrick 
Frederick, MD 21702-5012 

9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER 

10. SOURCE OF FUNDING NUMBERS 

PROGRAM 
ACCESSION NO. 

12787A 3b 162787A878 EA I I 138 
11. TITLE (//K/U& kcurky Claszification) 

Evaluation of a retrofit OH-58 pilot's seat to prevent back injury 

13a. TYPE OF REPORT 13b. TIME COVERED 

1994 December 
16. SUPPLEMENTARY NOTATlON 

crashworthy, pilot, seat design, copilot, helicopter pilot 
01 I 03 I 
05 I 09 

19. ABSTRACT (Continue on reverse if necesuty end tintie by block number) 
This report documents the development of pilot and copilot retrofit seats, flight tests 
and evaluation of the seats based on crash tests, flight tests, and a 5-year usage test in 

the USAARL OH-58, serial no. 71-207781. The Bell Helicopter Textron (BHT) designed seat 
consists of a new seat pan, hinged at the forward edge, and attached to "load-limit" 
devices at the rear edge. The seat will rotate about its forward edge mount and move 
downward approximately 5 inches at the rear edge when the impact sink speed of the 
helicopter is excessive. The 5-inch stroke of the seat occurs while sustaining 
approximately 12 G on a 50th percentile pilot (1500-lb maximum in the lower lumbar spine). 

The seats, mounted in a standard OH-58 fuselage, were subjected to simulated "sink" speeds 
of 26.5, 29.6, and 32.2 fps. The seats easily prevented "injury" to the dummy pilots at 
26.5 fps, but the seats "bottomed" against the cyclic control yoke at greater sink speed. 
The prototype (pilot and copilot) seats added 43.5 pounds of weight to the OH-58, but 

(Continued on next page) 

Rl8UTlON /AVAIlABILITY OF ABSTRACT 

l!J UNCLASSIFIE~NNLIMITED Cl SAME AS RPT. 

22a. NAME OF RESPONSIBLE INDIVIDUAL 

21. ABSTRACT SECURITY CLASSIFICATION 

0 DTIC USERS Unc1aSsified 



19. Abstract (Continued). 

suggestions are provided to reduce the weight addition to approximately 20 
pounds for aircraft production seats. The noninjurious sink speed capability 
of the OH-58 is increased from approximately 15 fps to 27 fps by the 
incorporation of the simple seat design. 



List of figures .................................... ............................ 2 

List of tables ................................................................. 5 

Introduction ...... ........................................................... 7 

Materials and test preparations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 

Crashworthy pilot’s seat description ............... ............................... 8 

Seat test methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 

Test results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 

Discussion of seat test results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 

Conclusions based on dynamic tests, BHT design effort, and flight evaluations . . . . . . . . . . . .25 

Recommendations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 

Appendixes: 

A - Crashworthy seat transducer results ......................................... 60 

B - List of Bell Helicopter Textron (BHT) engineering drawings used in the design, 
construction, and retrofit of OH-58 pilot and copilot seats ...................... .72 

C - Executive Digest from TECOM Evaluation Report ............................. 73 

1 



Figure 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8a. 

b. 

9. 

1Oa. 

b. 

11. 

12. 

13. 

Page 

Civil Aeromedical Institute sled installed on acceleration track with 
OH-58 fuselage attached for pure vertical impact ....................... 29 

CAMI sled installed on track with OH-58 fuselage attached for 
impact at 34 degrees from vertical .................................. 29 

Fuselage attachment to CAMI sled (no scale) ............................. 30 

Profile of seat assembly, left side shown ................................. 31 

Profile of seat assembly, right seat shown ................................ 32 

Frame assembly (armor encasement) installation ........................... 33 

Five-point belt attachment to (1) armor plate frame and (2 ) canted bulkhead. 
Shows cushion alI.er l-inch width reduction to improve 
access to reel knob ............................................... 34 

Hinge line bulkhead for seat pan forward edge support (strain gages 
on bracing tubes not shown ........................................ 35 

Hinge line bulkhead for seat pan forward edge support (strain gage 
installation typical for three tubes ................................... 36 

Seat mount bulkhead (view looking aft) (Bell drawing 206-830-335) ........... 37 

Wire bending (load-limiting) device used to “1imit”the force transmitted 
to the seated pilot ................................................ 38 

Wire bending (load-limiting) device roller redesign ......................... 38 

Integrated seat back and seat bottom cushion 
assembly (note contours at back and bottom) .......................... 39 

Seat bottom support structure .......................................... 40 

Test setup for pure vertical crash vector--test 88057 (the alumina channel 
and bracket used later for pilot display unit tests shown with “P”) .......... 41 

2 

J 

. 

. .a 

* 



Figure 
of figures (Continued). 

Page 

14. Posttest view of test 88057 (note the stroked position of the 
bottomarmorplate) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 

15. Load cell force measured due to impact of the pivoting seat pan with 
the under-seat control yoke (see Figures 4 and 23) . . . . . . . . . . . . . . . . . . . . . . 42 

. 16. Measured helmet movement of right side dummy from film analysis and 
head deceleration (runs 88057,88058, and 88059) . . . . . . . . . . . . . . . . . . . . . . 43 

17. Measured axial strain in aluminum bracing tubes and calculated loads . . . . . . . . . . 44 

18. Pretest view of test 88058 (note added beams below nose 
to stiffen the fuselage) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 

19. Posttest view of test 88058 (note the stroked position of 
the bottom armor plate) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 

20. Posttest view of test 88058, showing 95th percentile VIP dummy 
(note the .05-&h thick aluminum sheet used to stabilize the floor- 
to-bulkhead joint, and the slack in the wire bender at point “W”) . . . . . . . . . . 46 

21. Pretest view of test 88059 (note the fuselage is pitched 56 degrees f+om 
vertical in lieu of 90 degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47 

22. Posttest view of test 88059 (note slack wire bender device) . . . . . . . . . . . . . . . . . . 47 

23. Modeler’s clay on underfloor yoke revealing the impact point of 
the left armor plate (note failure of BL 5.21 brace tube floor 
anchorage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48 

24. Underfloor yoke impact at bottom armor plate near edge . . . . . . . . . . . . . . . . . . . . 48 

25. Failure of BL 20.3 right outboard brace tube anchorage to floor . . . . . . . . . . . . . . . 49 

26. Posttest view of BL 17.5 left brace and BL 5.2 left brace tube 
(note slight separation of M535830 hinge at inboard edge) . . . . . . . . . . . . . . . 50 

27. Failure of BL 17.5 left brace anchorage to floor. . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 

3 



Figure 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36a. 

b. 

37a. Vertical seat adjustment concept to provide 1 .&inch BRP movement . . . . . . . . . . . 58 

b. Seat adjustment concept details . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59 

A-l. Sled, seat, and dummy acceleration traces from test 88057 . . . . . . . . . . . . . . . . . . . 61 

A-2. Seat pan deflection and right dummy neck and lumbar force/moment 
fromtest . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62 

A-3. Head and pelvis accelerations of left dummy in test 88057 . . . . . . . . . . . . . . . . . . . 63 

. 
,tst of fia (Continued). 

Page 

View of right seat area after removal of bottom armor plate at hinge 
(note separation of M535830 hinge at right end) . . . . . . . . . . . . . . . . . . . . . . . 5 1 

Closeup view of BL 7.2 right anchorage failure at 1373 lb . . . . . . . . . . . . . . . . . . . 5 1 

Calculated resultant of X, Y, and Z lumbar load cell vectors in right dummy . . . . . 52 

Five-point restraint harness proposal (Pacific Scientific Company, or equivalent) . 53 

View of small female pilot in Ser 71-20778 with five-point harness 
and seat pan BRP at 0.97~inch below sled test value 
(note collective in lowest position) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54 

View of seat back and bottom assembly in serial 70-20778 . . . . . . . . . . . . . . . . . . . 55 

View of tiedown strap exiting hole in seat bottom cushion . . . . . . . . . . . . . . . . . . . 55 

Location of tiedown strap for five-point harness . . . . . . . . . . . . . . . . . . . . . . . . . . . 56 

Copilot seat bottom and back cushions after removal of 
PREQUALTM cover after 20 months and 100 flight hours 
in JOH-58A (ser 71-20778) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57 

Copilot (left) seat bottom and back cushions (note disintegrated 
plastic lever supports) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57 

Appendix figures 

I 

. 

* 

. 



Figure 

A-4. 

A-5. 

A-6. 

A-7. 

A-8. 

A-9. 

A-10. 

A-11. 

C-l. 

Table 

of firmres (Continued). 
Page 

Sled, seat, and dummy acceleration traces from test 88058 . . . . . . . . . . . . . . . . . . . 64 

Seat pan deflection and right dummy neck and lumbar 
force/moment from test 88058 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65 

Head and pelvis accelerations of left dummy in test 88058 . . . . . . . . . . . . . . . . . . . 66 

Neck forces and moments and lower lumbar resultant moment, 
right dummy, test 88058 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67 

Sled, seat, and right dummy acceleration traces . . . . . . . . . . . . . . . . . . . . . . . . . . . 68 

Seat pan deflection and right dummy neck and lumbar force/moment . . . . . . . . . . 69 

Head and pelvis accelerations of left dummy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70 

Neck forces and moments and lower lumbar resultant moment, 
right dummy, test 88059 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

The crashworthy seat and five-point restraint 
system (from TECOM #&%I-130-58A-023) . . . . . . . . . . . . . . 

1. OH-58 crashworthy seat test conditions . . . . . . . . . . . . . . . . . . . . t . . . 

. . . 

. . . 

. . . . 

. . . , 

. . . . 

. . I 

. . 

. . 

, . . . 

. . . . 

. . . . 

71 

75 

Page 

10 

2. Crashworthy seat instrumentation ...................................... 11 

3. Summary of seat test results ........................................... 12 

4. Potential weight savings areas for production system ....................... 23 

5 



s 

. 

* 

. 

This page left blank intentionally. 

6 



In response to the U.S. Army Medical Research and Development Command’s broad 
agency announcement program, the Bell Helicopter Textron (BHT) Company submitted a 
proposal to the U.S. Army Aeromedical Research Laboratory (USAARL) to develop a new 
crashworthy pilot’s seat for the OH-58 helicopter. In view of the pressing need for an improved 
seat to help prevent spinal column injuries in crashes (Robertson and Haley, 1969; Shanahan and 
Mastroianni, 1984), USAARL responded favorably to their proposal to develop and test a 
crashworthy seat for the OH-58 helicopter. USAARL contracted with BHT to develop a 
retrofit-type crashworthy pilot’s seat under contract DAMD 17-87-C-7032. BHT developed the 
seat, monitored the conduct of crash tests, and installed these prototype seats in USAARL’s 
flying OH-58A (aircraft serial no. 71-20778) in the September 1987 through December 1988 
time frame. At the same time the retrofit pilot’s seat design contract was under negotiation, the 
‘Office of the Program Executive Officer for Combat Aviation of the Army’s Aviation Systems 
Command (AVSCOM) was developing an Air-to-Air Stinger (ATAS) pilot display unit (PDU). 
During an in-process Review (IPR) of the PDU in 1987, all participants agreed that several crash 
tests of the PDU, as installed on the OH-58, would evaluate the helmeted head strike hazard. 
Accordingly, AVSCOM agreed to furnish a single accident-damaged fuselage suitable for sled 
“crash” simulations for both the crashworthy seat and the PDU device. Thus, instrumented 
“dummy” pilots could be installed in the sled-mounted fuselage, and crash vectors applied to the 
sled so both the crashworthy seats and the PDU head injury potential could be evaluated with the 
same fuselage in a single test series. To this end, USAARL negotiated with the Federal Aviation 
Administration’s Civil Aeromedical Institute (CAMI) to conduct and document the crash tests. 
The PDU test specimen and the OH-58 crashworthy pilot seat were to be provided by BHT. 
USAARL agreed to analyze the test data and provide a report. This report documents the seat 
evaluation while a separate report is in process for the PDU device. 

. 
test nm 

The CAMI impact sled and track are shown in Figures 1,2 and 3. The sled is mounted on 
rollers and is accelerated along two tracks by a cable passing through several rollers and attached 

‘“l to an elevated mass. The decelerative “crash” is provided by sled contact with 0.25-inch 
: diameter steel wires which are pulled around rollers anchored in the floor. The decelerative 
pulse shape is varied by the total number of wires and their placement along the track. This sled 
device is cheap, versatile, and provides repeatable pulses. 

The helicopter nose section used in both the seat and PDU tests was excised from a 
damaged OH-58 fuselage. The structural rigidity of the cockpit was reduced because the 
crash-damaged windscreens/chin bubbles and cockpit doors were removed to facilitate testing. 
The fuselage was cut through the floor at the middle of the troop entry door and through the roof 
forward of the transmission mounts and the landing gear was removed before testing. The pilot 
seat bulkhead with shoulder strap guides and the upright center “box” beam were left intact. The 
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forward fuselage then was rigidly mounted to a horizontal “crash” sled with a belly-mount 
structure which could be oriented to provide the desired crash force vector (Figures 1,2, and 3). 
The intent was to conduct six to eight crash tests up to a 28 G level without causing irreparable 
damage to the forward fuselage. 

. . 
at descrmttop 

BHT conducted a preliminary design study to select the most feasible and practical OH-58 
retrofit crashworthy seat for the Canadian Government’s Defence and Civil Institute of Environ- 
mental Medicine (DCIEM) in 1987 (see Bell Helicopter Textron, 1987). The BHT-DCIEM 
study revealed a “pivoting seat pan” type seat to be superior relative to cost, retrofit ease, 
reliability, maintainability, weight’ and development risk. USAARL agreed with the Canadian- 
funded study, and was positive toward the development of a prototype pivoting seat design. The 
prototype seat configuration finally developed and tested under this contract (DAMD 
17-87-C-7032) is illustrated conceptually in Figures 4,5 and 6. The right (pilot) seat and the left 
seat are identical in regard to basic functions, but the copilot’s seat is 1.3 in shorter in the fore-aft 
length to clear the collective control tube during the downward stroking of the pan. Note the seat 
pan is fixed at the forward edge hinge point by a rugged piano hinge (Part MS35830). The seat 
pivots about this hinge under the resistance of the wire-over-roller load-limiting device until 
contact occurs with the under-seat control yoke. In Figure 4, the seat pan is shown in phantom 
lines in the deflected position. Note how the seat back cushion is connected to the seat pan 
cushion by a polycarbonate sheet to prevent the buttocks from contacting the bulkhead structure 
during downward movement. The lap belt is split into a yoke at either side of the hip and the 
yoke attaches at the seat pan and the rear bulkhead in a similar manner to the current seat 
(Figures 5,6, and 7). The reinforcement of the existing honeycomb bulkhead that supports the 
forward edge of the seat pan is shown in Figures 8a and b. These figures also show the piano 
hinge attachment of the armor plate to the bulkhead. The bracing tubes added to the existing 
bulkhead also are shown at the right seat location. The bracing tubes were used at butt lines (BL) 
5.2L, 7.2R, and 20.3R, but not at BL 17.5L due to clearance problems; a milled aluminum fitting 
(part 206-830-336- 145) was used as detailed in BHT drawing 206-830-335. Strain gages were 
installed on the three bracing tubes, as seen in Figure 8b. The existing seat back bulkhead, 
serving as the support for the rear lap belt fittings and the “wire-bender” load-limiting devices, is 
illustrated in Figure 9. The “wire-bender” device is shown in Figure 10. The integrated seat 
back and seat bottom cushions are illustrated in Figures 11 and 12. Note the lever module 
support and woven nylon fabric cover provide good ventilation in the bottom cushion. 

i 
* 

c 
. 

i l 

The seat design is described more fully in BHT Report 699-099-286 (Fox, 1988), including 
the load vs stroke data for the dynamic tests of the wire-bender “load-limiting” devices. If 
further details are desired, the list of BHT drawings used in the design, construction, and retrofit 
of these seats are at Appendix B. 
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Seat test a 

Both left and right seats were tested under three different decelerative crash pulses as 
shown in Table 1. Test variables included velocity, fuselage orientation, control yoke position, 
and applied decelerative pulse. A 50th percentile (Hybrid III) dummy was placed in the right 
seat while a 95th percentile (VIP) dummy occupied the left seat. Accelerometers (acceleration 
transducers) were mounted within the heads, chests, and pelvises of the dummies. A list of 
instrumentation used in the tests is at Table 2. 

The position of the collective and cyclic control sticks determines the vertical position of 
the under-the-seat cyclic control yoke, and the yoke position dictates how far the seat armor plate 
moves downward before contact. The cyclic control stick was locked in the neutral position for 
all three tests, but the collective stick was locked “full-up” for the first test 88057, and “full- 
down” for tests 88058 and 88059. This location provided about l-inch more buttock reference 
point (BRP) stroke for the first test (88057) than for tests 88058 and 88059. 

Test results 

The results are summarized in Table 3 which shows the fuselage orientation, velocity, sled 
peak G, seat pan peak G, seat pan stroke at the BRP* left dummy pelvis peak G, right dummy 
L4-L5 lumbar force, and right dummy chest peak G. The CAMI sled applied a horizontal 
deceleration parallel to the sled surface (see Figures 1 and 2), but the fuselage was pitched 
upward 90 degrees for tests 88057 and 88058 to simulate a z-axis impact vector. The fuselage 
was rotated 34 degrees forward for test 88059 to simulate a vertical impact combined with a 
forward (x- axis) impact which is typical in helicopter crashes, as discussed in volume I of the 
Army’s Aircraft crash survival da (Desjardins et al., 1989). 

Both the left and right crashworthy seats stroked (moved downward) as expected in all 
three tests. All transducer traces for these three seat tests are at Appendix A. The BHT Report 
No. 699-099-286 (Fox, 1988) includes a list of the peak readings from all transducers and is not 
repeated here. 

* The buttock reference point (BRP) is a theoretical point below the hip hinge point for the rest- 
ing (1G loading) at the cushion surface and buttocks contact as seen in Figure 5; the BRP is 
assumed at 10.2 inches rearward of the seat hinge for the 50th percentile male pilot placed flush 
against the seat back. 
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Table 2. 

Crashworthy seat instrumentation. 

O Sled X (resultant) acceleration (G) (two transducers for reliability) 

O 50th percentile (Hybrid III) dummy transducers 
- Head X, Y, Z accelerometers and XYZ resultant calculation 
- Chest X, Z acceleration 
- Spinal column lumbar (L4, L5) load cell 

l X, Y, Z force in pounds (lb) 
l Moment about X, Y, & Z in inch-pounds (in-lb) 

O 95th percentile (VIP) dummy transducers 
- Head X, Y, Z accelerometers and XYZ resultant calculation 
- Pelvis X, Y, Z accelerometers and XYZ resultant calculation 

O Left inboard bracing tube strain gages (two axial) - micro-inches (II in) 
O Right inboard bracing tube strain gages (two axial) - micro-inches @ in) 
O Right outboard bracing tube strain gages (two axial) - micro-inches go in) 

O Left seat pan deflection (Celesco rotary potentiometer (5 G extraction limit) 
O Right seat pan deflection (Celesco rotary potentiometer (5 G extraction limit) 

O Left seat Z acceleration (GI 
O Right seat Z acceleration (GI 

O Control tube force - lb (see Figure 15 for location) 

O Right side profile camera at approximately 50 feet distance (1000 frameslsec) 
O Right side profile camera at approximately 35 feet distance (500 frameslsec) 
O Left side profile camera at approximately 35 feet distance (500 frameslsec) 

Note: Ektachrome reversal, type 7250, EP400 film. The filtering used for all 
transducers in these tests met the requirements of Society of Automotive Engineers 
(SAE) J211, “Instrumentation for impact test.” Pertinent requirements are listed: 

Typical test measurements - frequency response Channel/class 

CAMI sled and seat pan accelerometers 60 

Lumbar and neck load cells, strain gages and deflection devices 60 

Chest and pelvis accelerometers 160 

Head accelerometers 1000 
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Test 88057 (pure vertical crash vector at 26.5 fps) 

Pre- and posttest profile photographs are at Figures 13 and 14. All transducer traces for 
the test are at Figures A-l through A-3. The right seat 50th percentile dummy stroked 4.75 in at 
the BRP, a point on the surface of the seat cushion located 5.75 inches forward of the seat 
reference point (SRP) with the cushion deflected under a 1 G load (see Figure 5). As shown in 
Table 3, the stroke of the seat was determined by BHT, based on the deformation of the wire 
bender which was replaced after each test; the seat BRP displacement also was measured directly 
by a CAMI rotary potentiometer with a quoted “5 G extraction limit.” In this one case, the two 
methods agreed within experimental accuracy (4.75 and 4.8 inches), but the potentiometers 
showed excessive deflection in the other five readings shown in Table 3. The potentiometer 
output traces are shown in Figures A2, A5, and A9, and the probable potentiometer “overrun” 
points are shown on these traces. Since the seat pans were accelerated downward at 1000 G/set 
up to a sustained 20 G level, it is clear that the “5 G extension” limit was exceeded, but the error 
appears to be related to rotational inertia of the device which permitted it to reel out excessive 
cable; the beginning of seat pan stroke agrees with film analysis and with dummy transducers. 

The impact force caused by seat armor plate contact with the yoke was measured 
indirectly by placing a load cell at the top of the control tube as shown in Figure 15. The 
measured control tube forces in all three seat tests are illustrated in Figure 15. It is pertinent to 
observe in test 88057 that the relatively mild control force contact occurred at 90 ms as revealed 
by reference to Figure A-2 which shows the left seat reached 5.4-&h displacement (the left seat 
BRP stroke available up to yoke contact) at 90 ms time. Further evidence is gleaned from the 
z-axis acceleration of the left seat dummy’s pelvis in Figure A-3 suddenly increasing from 15 G 
to 40 G between 91 and 94 ms; the left seat pan acceleration (Figure A-l) also shows a sudden 
increase from 10 G to 20 G in the same time span. The deceleration of the left seat pan reaches 
zero at 112 ms but the left pelvis deceleration is sustained through 140 ms and the left seat 
bracing tube sustains a load of 490 lb at 150 ms (Figure 17). This apparent anomaly probably is 
explained by the considerable stored energy in the seat cushion and dummy buttocks and spinal 
colurrm causing compressive forces to remain in the seat cushion and dummy after seat pan 
downward motion ceases. 

Note in Figure 16, which shows the right dummy’s helmeted head movement, that the 
helmet displaced downward 7.2 inches, fully 2.4 inches more than the 4.8-&h movement of the 
dummy BRP; this difference is estimated as follows: 
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Helmet to head = 0.2” from helmet internal compression 

Hybrid III neck 

Thoracic vertebra 

Lumbar vertebra 

Buttocks flesh 
Seat cushion 

System elasticity 

Total BRP movement 

= 0.2” from rubber vertebra compression 

= 0.1” from metal and rubber vertebra compression 

= 0.2” from rubber vertebra 

= 0.5” Corn sponge rubber compression 
= 1 .O” from cushion compression 

= QJ” from wire bender elasticity and pan bending 

= 2.4” addition to the seat stroke 

BRP movement 

Although the above stored compressive energy is shown for the right dummy, the left 
dummy would be similar due to similar construction of dummy and seat cushion. The stored 
energy helps to explain why the control tube continues to show a force through 160 ms, but it is 
not clear why the control force peaked at 147 ms. 

One would expect the force would become less after the pelvis z-deceleration reduces to 
zero at 140 ms. Of course, the 206-lb force is relatively small and could be caused by 
momentary friction of the dummy’s back and thighs being squeezed between back and bottom 
cushions. Note in Figure A2 that the right dummy lumbar transducer shows over 600 inch- 
pounds of torque beyond 200 ms, indicating a relatively long duration force in both dummies. 

The left seat BKP did stroke 5.61 inches, or 0.21 inch beyond the yoke contact point 
bending the yoke over its 2-foot span, but probably not exceeding its elastic limit. 

This dynamic test definitely revealed the need to use the braces for the front bulkhead 
support. The strain in these braces was converted to load as follows (refer to Figure 8 for strain 
gage locations): The axial unit strain e, in the absence of torsional strain (bending strains were 
cancelled by symmetric gage placement), is equal to the stress in the tube divided by the tube 
modulus of elasticity, i.e., e = & 

E 

where 
e = unit elongation or compression (inch/inch) 
S = P/A = load in lb + cross section area (lb/in2) 
E = ratio of stress to unit strain (lb/in2) 

. 

c ’ 

, 8 

and A = .0786 in2 for 3/4” outside diameter tube at .035” wall thickness. 
E = 10.5 x lo6 for drawn 2024-T3 tubing, reference MIL-HDBK-5. 
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Substituting P/A for stress into the above equation and solving for load yields P = eEA. 

Inserting the appropriate vales for AE and 600 microinch displacement yields a load of 
495.2 lb. 

P = (600x1 OA) - (105x1 06) - (0.0786) = 495.2 lb 

Thus, the above load is equal to each 600microinch increment of strain in Figure 17 where 
all three bracing tube traces are shown on a common time base and all three tests are shown 
together. Observe the similarity of the load versus time variation of the three brace tubes; at 32 
to 35 ms, all show a compressive load increasing to 500 lb each on the right seat, and 840 lb for 
the inboard brace of the left seat. The peak compressive load occurs exactly at 67 ms, then 
reduces to zero at exactly 74 ms, and continues to increase to a peak tensile load at 90 ms on the 
right seat with medium-size dummy and at 92 ms for the left large dummy. The 2-ms lag of the 
left seat also may be observed in the seat pan acceleration (Figure Al) in which the peak negative 
G of 20 and 22 G (left and right) begin to decrease at 103 and 101 ms. The right seat, right tube 
sustained 1735 lb compared to 1368 lb in the left, this difference would be expected since the 
center line of the right seat lap belt anchors is located about 0.7-&h outboard of the brace tube 
center line at BL 13.75R. The load in all three tubes reduces from their peak values to 500 lb or 
less at 117 ms; from 117 to 150 ms, the left seat sustains the load longer than does the right seat. 
This same extended time rebound force also is apparent in the left seat tube in the next two tests 
(88058 and 88059). 

Test 88058 (pure vertical crash vector at 29.6 fps) 

The only difference in this test and test 88057 was the increased velocity to 29.6 fps from 
26.5, and the collective control being placed in the “full down” position yielding about 1 inch 
less available stroke before under floor yoke contact. Pre- and posttest photographs from the 
right side are at Figures 18 and 19. A posttest view from the left side is at Figure 20. All 
transducer traces for the test are at Figures A4 through A7. 

Reference to Figure 15 shows the control tube force increased about 1 ms sooner than in 
test 88057, probably due to the lesser stroke available before yoke contact as shown in Figure A5 
in the 82-85 ms time frame. Figure A5 also shows the right seat dummy’s lumbar load cell 
overshoot from 1100 to 2125 lb between 85 and 95 ms, and Figure A4 shows both vertical seat 
pan transducers producing values of 30 and 45 G at about 92 ms. The control tube force peaked 
at 2590 lb at 104 ms, and then returned to zero at 134 ms, just about the time the left seat lumbar 
G value reduced to zero. 

Table 3 shows the left seat BRP stroke to be 5.82 inches (BHT data) and the right seat to be 
4.82 inches. Thus, the stroke was nearly equal to the stroke from the prior (lower velocity) 
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88057 test; i.e., only 0.14 inch more in this test in spite of the severe yoke contact indicated by 
the control tube sudden force increase between 85 and 104 ms. Since the sled input peak G was 
equal to test 88057, and the 11.7 percent velocity increase contained 24 percent more energy, the 
BRP strokes of both seats obviously were reduced due to the yoke impact. It appeared the yoke 
was bent downward a distance of 1.4-l .6 inch, but the amount of permanent deformation was not 
determined. 

Again, film analysis of this test showed more downward movement of the helmeted head in 
Figure 17 than shown in Table 3 (8.90” - 4.82” = 4.08”). Although load-compression data for the 
seated 50th percentile dummy was not available for analysis, it is assumed the 4.08 inch 
compression occurred as was estimated in test 88057, except that incremental values were about 
60 percent greater. The significance of this considerable compression in the dummy and seat 
cushion is the stored energy which tends to propel the dummy upward after the impact. The 
rebound webbing, shown in Figures 4 and 5, permitted the armor plate to rebound about 40 
percent of the stroke as noted by Fox in BHT Report no. 699-099-286, pages 4-14. Fox also 
noted the spring-loaded cam on the webbing slide needed more pressure against the webbing, 
and the 2-foot long yoke beam, deflecting 1.4-l .6 inch, served as a flat spring being struck near 
its center; the writers concur with the BHT comments. 

In summary, the second test (88058) with equal peak G and onset pulse, but 24 percent 
more velocity energy and less stroke before yoke impact, still was a qualified success. The left 
dummy sustained an average 25 G for 20 ms, the level of probable minor injury such as chip 
fractures or 10 percent compression of lumbar vertebra (Kazarian, and von Gierke, 1979). The 
right dummy sustained a force of 2000 lb for 6 ms with a peak of 2125 lb which may be 
compared to the 2500~lb peak dynamic “fracture value” shown by Kaz,arian and von Gierke to 
cause permanent compressive deformation of isolated lower lumbar vertebra. 

This test showed definitely that excess crash energy does not result in a catastrophic effect, 
i.e., the armor plate to yoke impact still provides another l- to 2-inch displacement (dependent on 
collective position) of increasing resistance. The resistance increased to 2590 lb over a 16 ms 
time span; this represents approximately a 1200-l 800 G/set onset rate for a 175 lb pilot. Of 
course, this test was conducted on an OH-58A model fuselage with the more flexible yoke than 
the ballistic resistant yoke used on C and D models, but the principle of a gradual force increase 
with seat “bottoming,” based on the yoke’s bending stifiess, continues to apply. 

1 

l 
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Test 88059 
(vertical pulse with a 34-degree nose-down pitch) 

The results of this test and prior tests 88057 and 88058 are summarized in Table 3. Note 
the fuselage is pitched “nose down” 34 degrees from the pure vertical crash vector. The “crash” 
velocity vectors are: 

V, vertical = 32.2 cos 34” = 26.7 f$s 
V, horizontal = 32.2 sin 34” = 18.0 fps 

Note the vertical (z-axis) velocity is nearly identical to test 88057. The 34-degree pitch was used 
in lieu of a standard 30- degree value, per MIL-S-58095(AV) (Department of the Army, 1986), 
to offset the sled horizontal crash vector instead of a gravity drop test. 

Pre- and postimpact photographs are at Figures 21 and 22. The steel tube running from the 
sled to the fuselage ceiling is shown clearly in Figure 22. This tube was intended to prevent 
horizontal shear deformation in the fuselage due to the horizontal crash loads. 

The recorded transducer traces may be reviewed at Figures A-8 through A-11. The seat 
leading edge bulkhead braces at BL 17.5L, 5.2L, 7.2R, and 20.3R were tom free from their 
anchorages to the cockpit floor. The failures of these anchorages in the honeycomb floor were 
photographed and are shown in Figures 23 through 29. The stresses and corresponding loads in 
the three tubular braces are presented in Figure 17. The brace loads in this test are compared to 
those from the two pure vertical tests. Note an initial compressive load, due to the downward 
impact, did not occur in this test, and some tensile load appeared at 34 ms about the same time 
that the armor plate accelerometers showed deceleration (Figure A-8). The chest X deceleration 
of the right dummy (Figure A-8) peaked at 24 G, reflectinq dynamic overshoot from the 34 G 
peak sled value acting at 34 degrees from the z-axis. The chest z-value, on the other hand, 
peaked at only 6 G, a value apparently incompatible with the known 12 G input to the buttocks 
as indicated by the 1300-lb load shown in Figure A-9. The same chest z-value was 
correspondingly too low in Figures A-l and A-4 for tests 88057 and 88058, respectively. The 
chest z accelerometer appeared to have been inadvertently plugged into the y-axis chest 
accelerometer. This conclusion is based on the fact that the transducer also read very low 
negative and positive G in later PDU tests (runs 88060,88061, and 88062), but when the cockpit 
was yawed 15 degrees for tests 063 and 064, the z-axis transducer came alive and displayed 
values of 10 to 15 G as would be expected for the y component. Thus, the chest z values shown 
are assumed to be chest y values. 

The failure of all four brace anchorages at a horizontal velocity change of only 18 fps and 
approximately 20 G impact is a point worthy of redesign effort for a production seat. The right 
inboard (BL 7.2R) anchorage failed at only 1373 lb, little more than half the failure load of the 
other two tubes at 2203 lb ((2222+2184)/2). If failure had not occurred in the right inboard 
brace, and 2203 lb were sustained in each brace, the horizontal x-axis load would be as follows: 
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[2203lbx2xsin33”= 2400 lb horizontal load per seat] 

Since the anchorages did fail after sustaining this force for about 10 ms (Figure 17), we believe 
only a small strength increase would sustain the test loads. It is suggested the horizontal shear be 
carried through the honeycomb “bathtub” at the outboard edges of each seat and at the center 
console web. The cost and weight of a web structure should be lower than the separate bracing 
tubes. t 

The movement of the helmeted head of the right dummy was analyzed from the two 
cameras on the right; the movement is illustrated to l/8 scale in Figure 16. Note the 16-inch 
forward and 9.8-inch downward movement of the helmet even with a properly locked inertia 
reel, i.e., less than 3 inches strap movement from the reel. 

l 

. 

Considering the vertical (z-axis) velocity change of 26.7 fps in this test (nearly identical to 
the 26.5 @s of test 88057), most z-axis transducers showed similar but slightly higher values due 
to the higher pulse onset rate and 12 percent higher peak G input. Both seat pan decelerations 
and left dummy pelvis were slightly higher but, surprisingly, all other readings were equal to or 
lower than the 88057 readings. 

The control yoke was impacted at 76 ms as seen in Figure 15, but the control tube load cell 
sustained only 300 lb at 85 ms; this force was caused by the left dummy deceleration peak of 53 
G at 82 ms (Figure A-10). Figure A-9 shows the left seat stroked beyond 5 inches at 80 ms, but 
“overran,” as discussed already. Evidence of the left armor plate impact with the control yoke is 
shown in Figures 23 and 24. The control yoke was deflected approximately 1.5~inch after impact 
by the left armor plate, but the right armor plate only touched the yoke with no significant force 
transfer. 

The failures of all four brace attachments to the “bathtub” honeycomb floor are depicted in 
Figures 25-29. 

This was a successful test series both in terms of collecting pertinent transducer data and 
in the performance of the crashworthy seats. The key transducer to determine the seats’ ability to 
“limit” load were the L4-L5 lumbar load cell in the right dummy, and the load cell output along 
the x-, y-, and z-axes are recorded at Figures A-2, A-5, and A-9. The x, y, and z resultant loads 
from all three tests are presented in Figure 30. Note the load was “limited” at about 1100 lb in 
test 88057, then peaked to 1500 lb. In test 88058, the excess energy caused the pivoting armor 
plate to impact the control yoke and peak at just over 2100 lb. In test 88059, the vertical (z-axis) 
velocity was about equal to that of test 88057, and the load was again “limited” to about 1150 lb 
over a time span of 25 ms. Although the right seat pan did impact the yoke in test 88059, it is 

t ’ 
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probable the heavier (228-lb) left dummy deformed the common control yoke downward early 
enough to prevent excessive force transmission to the right seat pilot. Thus, the pilot received a 
smooth ride at the expense of the copilot, i.e., the 1300~lb peak load (1150 lb average) was 
noninjurious as shown in Figure 30. 

Considering the limited seat stroke (only 4.2 inches for a production seat) and 
considering the young, healthy pilots in the OH-58, we conclude the stroking level should be 
increased to 14.5 G, the same as the value used in the relatively noninjurious WI-60 pilot seats. 
A 14.5 G-limit in this test series would have permitted “no yoke impact” tests. This minimal 
change should be evaluated in a follow-on test program. 

The x-, y-, and z-resultant head acceleration of the right dummy is presented along with 
the helmeted-head movement in Figure 16. The accelerations shown (up to 45 G) were sustained 
minus any helmet contact, and are to be expected for fuselage decelerations of 30 G, i.e., a 
dynamic overshoot of 50 percent. 

As shown in Table 3, the seat is capable of a noninjurious loading for test 88057 at 26.5 
fps, but the higher sink speed of test 88058 at 29.6 @s caused a minor injury loading. The right 
seat spinal lumbar load was noninjurious in test 88059, but the seat pan probably would have 
impacted the control yoke and caused a higher spinal loading if the left seat were unoccupied. 

To summarize, the new crashworthy seat has demonstrated the ability to sustain a 
free-fall drop of 11 feet (height = (26.5)*/ 32.2 (2). The existing seat causes injury at free-fall 
drops greater than 3.5 feet (Robertson and Haley, 1969). Thus, a three-fold improvement in sink 
speed energy has been demonstrated. 

If the under-the-floor yoke were redesigned to be more frangible or crushable, and to 
offer less resistance to the pivoting movement of the seat pan, the BRP stroke of a production 
design seat could be increased to 6.9 inches from 4.2 in an optimized design, one in which the 
control yoke thickness would be reduced to zero. A more realistic estimate would be 6.4 inches 
allowing 0.5 inch for the crushed thickness of a frangible yoke. Thus, the seat protective velocity 
could be increased to 30.0 fps from 26.5 or an increase to 14 feet free-fall height from 11 feet 
free-fall height (reference BHT Report 699-099-286, Figure 5-5). Obviously, the structural 

-reliability and longevity of a newly-designed yoke should receive full consideration along with 
the ballistic tolerance capability and the crushability for crashworthiness. The 50 percent 
increase in seat pan stroke is a worthwhile goal and the cost to redesign the yoke to achieve the 
goal should be determined, but this seat design enhancement should not detract from the 300 
percent seat improvement already demonstrated. 
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Flight test of crashworthy seats in JOH-58A 
(serial no. 7 l-20778) 

The crashworthy pilot seats were installed in USAARL’s JOH-58A (serial no. 71-20778) 
in the July-August 1988 time frame, and a flight release was obtained from the U.S. Army 
Systems Command (AVSCOM) for the continuous use of the seats in this aircraft. USAARL 
requested the U.S. Army Test and Evaluation Command (TECOM) to conduct a 
suitability/compatibility evaluation of the seats installed in serial no. 71-20778. TECOM 
complied through their Aircraft Development Test Activity (ADTA) and conducted the 
evaluation under their Project No. 4-AI-130-58A-023 from January- March 1989. TECOM 

. . . . 
published an evaluation report entitled, pilot compaubihtv m of OH 58 cr&worthv _ 

a dated March 1989, written by Melvin Freitag and CPT Joe Ciampini. 

c 
1 

z 

Prior to the TECOM evaluation, USAARL replaced the existing copilot’s restraint 
harness (3-inch wide belt with over-center lever buckle) with a 5-point restraint system. The 
5-point system is less bulky, less stretchable under load, and weighs 2 lbs per seat less than the 
existing harness; the harness is detailed in Figure 3 1. The harness was installed in the left seat 
with a new dual-mode inertia reel, designed to lock at 1.5 G strap extension rate instead of the 
existing 2.5 G strap extension rate. 

The “Executive Digest” from the TECOM evaluation report is reprinted as Appendix C. 
In addition to the TECOM digest, several other points from the report are worth mentioning. 

a. The 5-point shoulder strap lead-in to the inertia reel was too long. USAARL 
shortened the harness by 6 inches to the dimension shown in Figure 31 during the first week of 
the flight evaluation, and no further harness problems were noted. 

b. The 5-point harness reel lock-unlock handle could not be actuated easily due to the 
width of the seat bottom cushion. USAARL removed a l-inch wide strip to provide more space 
for the actuation handle to move fore& between the cushion and the collective stick the 
removed edge is shown in Figure 33. 

c. The TECOM flight evaluation used 10 pilots varying in sitting height from a small 
female (less than 1 percentile male sitting height), as shown in Figure 32, to a large male (over 
95 percentile sitting height), based on the current pilot population). No significant problems 
were noted after (1) the shoulder strap was shortened, (2) the reel lock-unlock knob accessibility 
was improved by elevating the knob by 3/4 inch and reducing the width of the bottom cushion, 
and (3) the 5-point harness tie-down strap was routed through a hole in the cushion from an 
anchorage point on the armor plate forward edge, Figures 34 and 35. 

- 
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d. Two of ten pilots thought the lap straps should be easier to loosen following the initial 
cinching (snugging) after donning the 5-point harness. 
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After the TECOM evaluation was completed, the JOH-58A aircraft was returned to 
USAARL and this aircraft with the prototype crashworthy seats installed has continued to fly to 
the present. The left (copilot) seat still has the 5-point harness and the Pacific Scientific dual 
mode (1.5 G lock) inertia reel while the right seat includes the standard 4-point harness. The 
seats have continued to fulfill their function without complaint from the pilot users with one 
exception. The bottom “cushion” consisting of 30 plastic lever modules called PREQUALm* 
and a %-in thick porous cover called SPACEFABRIC TM*, degraded after approximately 20 
months exposure at Fort Rucker, Alabama. Specifically, the SPACEFABRICTM became 
threadbare and started unraveling, and the PREQUALTM lost elasticity and the individual lever 
beams completely disintegrated, as shown in Figures 36a and b. The disintegration was far 
worse on the left seat, the side of the aircraft exposed to the sun most of the day during parking. 
We conclude the sunlight exposure probably had a greater degrading effect than did the heat 
since both left and right cushions received nearly equal heat in the closed cockpit. In BHT report 
699-099-286, paragraph 3.2, the text indicated the PREQUALTM levers were in use in the AH-IS 
helicopter on the SAVIM seats; thus, the longevity and wearability of the PREQUAIY cushions 
with a sheepskin cover should be evaluated prior to production consideration for the OH-58. 

The degraded PREQUALW was replaced with foam cushions (cut to size) from wrecked 
UH-60 seats, and the frayed, worn SPACEFABRICTM was replaced with black sheepskin covers, 
also from UH-60 wrecked seats. A recent inspection reveals the seat cushions are still 
serviceable, but the sheepskin is faded somewhat after 4 years exposure in the JOH-58A. Unless 
SPACEFABRICrr% resistance to sunlight is improved, the sheepskin material appears to be a 
viable candidate to replace it. 

One final item about this seat design should be discussed prior to construction of a 
production item: the location of the BRP. Several publications have noted the lack of the OH-58 
ceiling height to accommodate pilots beyond the 80th percentile seating height (Schopper and 

Cote, 1984, and Cote and Schopper, 1984). The sitting height of Army male pilots, as stated in 
,Natick TR-91-040, page 249 (Donelson and Gordon, 1991) is: 

5th percentile 34.34” 
25th percentile 35.76” 
50th percentile 36.65” 
75th percentile 37.48” 
80th percentile 37.69” 
85th percentile 37.92” 
90th percentile 3 8.22” 
95th percentile 3 8.66” 

* Reference BHT drawing 206-078-376 
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The USAARL JOH-58A has the BRP at waterline (WL) 33.60; as previously discussed, 
but USAARL recommended the BRP be lowered to WL 32.26 to provide cockpit 
accommodations to agree with MJL- STD-1333. This standard specifies pilot vertical space as 
follows: 

Distance from floor to BRP * = 11.26” 21 .OO inside floor level 
95th % sitting height above BRP = 38.66” 32.26 Buttock reference point level * 
SPH4 helmet thickness = 0.96” ** 71.88 top of helmet and bottom of canopy 
Plexiglass thickness = 0.12” 72.00 outside cockpit surface 

T 

I 

* 

. 

* The BRP is the assumed center of pressure of the buttocks on the seat surface; BHT 
shows the BRP to be 5.75” forward of the seat reference point (SRP) the point of intersection 
between the seat bottom as shown in Fig 5. We concur with the BRP location. 

** Thisisthe minimal helmet thickness with the thermoplastic liner (TPLTM) or sling at 
minimum thickness. 

Obviously, the dimensions are applicable only with zero clearance from helmet to bottom 
of plexiglass, and with a minimal offset “low fit” helmet, but the dimensions would allow up to 
the 95th percentile pilots to comfortably fly the helicopter; we are aware that pilots can “slump 
down” and lose 2 inches sitting height so that some 95th percentile pilots currently fly the 
OH-58. Nonetheless, prudent safety officers must wonder about 2-hour flights where pilots 
never can sit up straight. 

Designing the BRP at WL 32.26 is 2.3 1 inches below the level used in the CAMI tests at 
BRP=34.57. Since the available stroke on the copilot seat was 5.4 inches, the percent loss of 
stroke is: 

=X 100=42.8% 
5.4 

To offset this stroke loss, it is recommended the wire benders be changed to a 14.5 G design 
from a 12 G value to decrease the stroke needed by 39.3 percent (based on CSDG 89-22 
calculations) so that only 3.5 percent or 0.19 inches stroke would be lost. No further rationale to 
justify the change to 14.5 G from 12 G is presented since the 1Cyear successful use of a 14.5 G 
pilot’s seat in the UH-60 helicopter is adequate, especially in view of the limited stroke available 
in the OH-58. One other point to mention is the possibility that the current cushion thickness of 
1.5 inches could be reduced toward 1 .O inch, which is the value stated to be used in the SAVIM 
seat in the AH-1 helicopter. The PREQUALW lowest tier of lever beams is 0.45-&h thick and 
appears to provide only 0.1 inch of elastic movement. Removal of this tier appears feasible with 
little effect on comfort. 
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1. 

2. 

3. 

4. 

Design area 

Potential weight savings action 

Armor panel support structure 
- Go back to honeycomb panel 

Armor panel 
- Go back to original coverage 

Seat pan hinge of steel plates & pin 
- Go to sheet metal hinge 

Seat cushions with improved comfort & 
adjustable lumbar support 
- Go back to original OH-58 tube/ 

netting seats 

5. Seat back bulkhead web 
- Go back to existing 0.020 in (0.09 cm) 
thickness with lightening holes 

6. Knee bulkhead structure 
- redesign without bolted on plate 

Total 

Suggested weight saving ideas for a 
production seat installation 

Fox (1988) discusses saving weight in Bell Helicopter Textron Report 699-099-286, 
paragraph 5.5. We concur with the 23- 1 b saving shown in Table 5-5. This table is reprinted 
for easy reference. 

Table 4. 

Potential weight savings areas 
for production system. 

Savings/aircraft 

Lbs (kg) 

8.4 (3.8) 

1.31 (0.6) 

3.08 (1.4) 

6.96 (3.2) 

1.91 (0.9) 

1.44 (0.61 

l 
23.1 (10.9) 

“* Note: Adaped from Bell Helicopter Report No. 699-099-286, Table 5-5 (Pox, 1988) 
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USAARL recommends several other changes to the BHT table above to take off weight 
and to add weight as follows: 

Weight difference 
(pounds) 

#4. Seat cushions 

TECOM flight evaluation praises new 

-2.0 (thigh support reduc- 
tion) 

PREQUALTM support; thus, request PREQUALTM be +6.96 (use contoured cush- 
l 

constructed of more sun-resistant plastic or sheepskin to be ions) 
, 

used as the cover. Suggest the movable lumbar pad be 
approximately l/2-inch thicker and integrated into the back 
cushion. Also suggest thigh support be 1.3 inch thick in 
lieu of 1.8 inch thick. 

#6. Delete floor-to-bulkhead braces at BL 17.5L, 5.2L, 7.2R, -2.0 (approximately) 
and 20.3R and replace with horizontal beam between knee 
bulkhead and FS 73.06 canted bulkhead. 

#7. Change to 5-point restraint harness (2 each). -4.0 

#8. Redesign wire bender as shown in Figure 10 to improve zero 
fatigue life of wire, based on experience with UH-60 troop 
seat wire benders. 

#9. Add 2.0 inch vertical adjustment to change BRP from WL +2.0* 
32.26 to WL 34.26 (0.66 inch above the existing fixed BRP 
of standard seat). 

1 
1 

Total saving = -0.96 (say 1 .O) 

* Exact weight increase awaits a detailed design, but a simple device (as shown in Fig. 37) will 
add approximately 2 lb (i.e., 1 lb per seat). 

t ’ 

*a 

We have shown the potential to reduce the weight by 1 lb over that shown by BHT in 
Table 5-5. Thus, the total weight saving could be 24 lb and, subtracted from 43.5 lb for the 
prototype, would yield a weight increase of only 19.5 lb. 

24 



The seat adjustment feature would add 2 lb, but the weight penalty is considered 
negligible considering the improved comfort for the OH-58, the only Army helicopter without 
this feature in the active Army inventory. The seat adjustment design idea shown in Figure 37 
assumes a preflight seat adjustment to three positions. 

. . . Conclusrons based on dynamic tests. BHT desm 
. . 

dfort. and fhght evaluatrom 

1. The technical feasibility and practicality of a retrofit-type crashworthy seat have been 
demonstrated. 

2. Based on quasistatic level of 12 G, on a 50th percentile male pilot, the seat prevented injury 
(due to excessive vertical forces) at a sink speed of 26.5 @IS; this level of crash energy is 
approximately three times that of the existing seat, i.e., Il.O-foot drop height versus 3.5foot drop 
height. 

3. The BRP on the pilot’s seat cushion can be lowered 2.3 inches below that used in the 
dynamic tests, providing for a 95th percentile pilot sitting upright, and still provide protection up 
to 26.1 fps if the vertical G, level is increased to 14.5 from 12. 

4. The stroke of the seat pan can be increased about 50 percent by replacing the existing rigid 
under-seat cyclic “yoke” with a thin-walled (crushable or frangible) yoke to permit penetration or 
easy crushing; this change would increase the seat’s protective capacity to a 14-foot drop height 
from a 11-foot drop height, and increase protection to the 95 percentile accident from the 93.5 
percentile survivable accident. 

5. A production crashworthy seat (two each) probably can be retrofitted with a weight penalty 
of only 20 lb per aircraft. 

6. The crashworthy seat was rated more comfortable than the existing seat by the flight test 
pilots. 

7. The third impact test, no. 88059, with a vertical and rearward impact vector, showed a 
helmeted head displacement of 16 inches. This left little doubt about the need for good helmet 
fit and retention; a slight sideward impact vector in this test would have caused helmet contact 
with the door frame. 

8. The geometry of the split-end (yoke) lap belt, with one end attached at the rear vertical 
bulkhead and the other end anchored at the seat pan, worked as desired, providing snug restraint 
throughout the seat stroke. 
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9. Incorporation of a vertical seat adjustment feature appears to be relatively easy in this 
hinged seat design, and its use would permit a 95th percentile pilot to sit up straight in the OH-58 
cockpit. 

. 
Recommendations 

1. A hinged crashworthy seat as described in this report be installed in all OH-58 aircraft; the 
seat should include the following specifications and features: * 

. 
The quasistatic “limit stroking” value to be 

(174.; lb + helmet, flight suit, and boots = 182 lb). 
14.5 G acting on a 50 percentile pilot t 

3 

b. Vertical adjustment of BRP of 1.8 inches to be incorporated with a simple device, i.e., 
adjustment during flight not necessary. 

The BRP be located at WL 32.26 to provide for a pilot sitting height of 38.66 inches 
(95th ibcentile); with the adjustment device added, the BRP shall be raised to 32.26 + 1.8 min 
to WL 34.06. 

d. A lightweight (2.8 lb), 5-point harness, equivalent to the one shown in Figure 31 be 
provided to replace the current 4.6- 1 b harness. 

e. A minimum radius of 0.38 inch be used for all stressed “load-limiting” wire in lieu of 
the 0.30 inch used in the prototype, as shown in Figure lob. 

f. The slope of the seat pan thigh surface shall fall between 5 and 15 degrees. 

2. Research be initiated to determine the cost effectiveness of redesigning the cyclic yoke to 
provide “crushability” during seat pan displacement. 

3. A joint program be considered with the Canadian Armed Forces to develop the seat 
recommended in paragraph 1 to achieve the lowest cost. 
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Figure 1. Civil Aeron@ical Institute sled installed on acceleration track with OH-58 fuselage 
rtrrcbed foi pure vertical impact. 

Figure 2. CAMI sled installed on track with OH-58 fuselage attached for impact at 34 degrees 
from vertical. 
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Figure 4. Profile of seat assembly, right seat shown. 
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Wire bender assy. (see fig. 10) / 
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Figure 5. Profile of seat assembly, left side shown (note armor plate usage as a pivoting pan). 
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Figure 6. Frame assembly (armor encasement installation). 



Figure 7. Five-point belt attachment to (1) armor plate frame, and (2) canted bulkhead. Shows cushion after l-inch 
width reduction to improve access to reel knob. 
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Support beam 
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(Bell #20&830-w) 

Armor plate 
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(Bell #205CVM90) 
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-135) 

View looking forward, right side 

Figure 8a. Hinge line bulkhead for seat pan forward edge support (strain gages on bracing tubes not shown). 
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View looking outboard on right seat 

Figure 8b. Hinge line bulkhead for seat pan forward edge support (strain gage installation typical for three tubes). 
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Figure 11. Integrated seat back and seat bottom cushion assembly (note contours at back and bottom). 
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Figure 16. Measured helmet movement of right side dummy from film analysis and head deceleration (runs 88057, 
88058, and 88059). 
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Figure 17. Measured axial strain in aluminum bracing tubes and calculated loads. 
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Figure 18. Pretest view of test 88058 (note added beams below nose to stiffen the fuselage). 

Figure 19. Posttest view of test 88058 (note the stroked position of the bottom armor plate). 
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. 

Figure 20. Posttest view of test 88058, showing 95th percentile VIP dummy (note the 
.05-inch thick aluminum sheet used to stabilize the floor-to-bulkhead joint, and 
the slack in the wire bender at point “W”). 
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Figure 21. Pretest view of test 88059 (note the fuselage is pitched 56 degrees from V&ical 
in lieu of 90 degrees. 

Figure 22. Posttest view of test 88059 (note slack wire bender device). 
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Figure 23. Modeler’s clay on underfloor yoke revealing the impact point of the left armor 
plate (note failure of BL 5.21 brace tube anchorage). 

Figure 24. Underfioor yoke impact at bottom armor plate rear edge. 
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Figure 25. Failure of BL 20.3 right outboard brace tube anchorage to floor. 
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Figure 26. Penn w OE BL 17.5 left brace d BL 5.2 Id brace tube (note slight 
sepmimdw35830~*inboud~). 

i’ 

Figure 27. Failure of BL 17.5 left brace mcborage to floor. 
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Figure 28. View of right seat area after removal of armor plate at hinge (note separation 
of M535830 at bottom of photograph). 

Figure 29. Closeup view of BL 7.2 right anchorage failure at 1373 lb. 
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Figure 30. Calculated resultant of X, Y, and 2 lumbar load cell vectors in right dummy. 
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Figure 32. View of small female pilot in serial 71-20778 with five-point harness and seat 
pan BRP at 0.97 inch below sled test value (note collective in lowest position). 
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Figure 33. View of seat back and bottom assembly in serial 70-20778. 

Figure 34. View of tiedown strap exiting hole in seat bottom cushion. 
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Figure 35. 
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Figure 36a. Copilot seat bottom and back cushions after removal of PREQUAL’” cover after 
20 months and 100 flight hours in JOH-58A (Ser 71-20778). 

Figure 36b. Copilot (left) seat bottom and back cushions (note disintegrated plastic lever 
supports). 
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Figure 37a. Vertical seat adjustment concept to provide 1.8~inch BRP movement. 
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Amendix A. 

Crashworthy seat transducer results. 
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Figure A-3. Head and pelvis accelerations of lefi dummy in test 88057. 
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Figure A-7. Neck forces and moments and lower lumbar resultant moment, right dummy, test 88058. 
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Figure A-9. Seat pan deflection and right dummy neck and lumbar force/moment. 



p-40 
E 

ho 
3 

60 

j 20 
. . 

z 
8 0 
cd 
u 
g -20 
I 

50 

Time - milliseconds Test 88059 

Figure A-IO. Head and pelvis accelerations of left dummy. 

Time - milliseconds 

* J 
1 * 

-4 * 
* . 



c 

400 

' 8 200 

5 ~ 100 

$ 
2 0 

-100 

E 400 
s 
's 
g 300 

$ 
“0 200 
yl 
Y 

g 100 
z 

0 

Time - milliseconds 

1800 

Test 88059 Time - milliseconds 

Figure A-l 1. Neck forces and moments and lower lumbar resultant moment for right dummy. 
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Figure C-l. The crashworthy seat and five-point restraint system (from, TECOM #4AI-130:58A-023). 


